Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease of the airways that requires lifelong management 1 . A report from the Global Initiative for Chronic Obstructive Lung Disease have described routine patient follow-up as essential 2 . Lung function may worsen over time because of the natural history of COPD, so regular visits are needed to ensure frequent pulmonary function tests 3 . Symptoms and history of exacerbations should be monitored at these visits to adjust treatment, identify complications or comorbidities, and prevent acute exacerbations 4, 5 . Frequent outpatient visits also offer patients an opportunity to improve their skills using inhalers, increase their knowledge of rehabilitation and nutritional support, and receive vaccination, all of which improve the clinical outcomes of COPD 6-9 . However, although there is good reason to believe that frequent outpatient visits have a prognostic benefit in COPD, there is insufficient scientific evidence to support this assumption.
Data sources. South Korea has adopted a single mandatory government-established health care insurance system, and the Health Insurance Review and Assessment Service (HIRA) is the agency that evaluates all medical claims data in South Korea. The HIRA has now accumulated all medical records in South Korea and covers the country's entire population (>50 million) 10 . The HIRA data have been extensively described in previous studies 11, 12 . In this study, we retrospectively analysed the data registered in the HIRA database between May 1, 2014 and April 30, 2015.
Study population. Patients with COPD were defined as those who met the criteria used in a previous report that included HIRA data 13 . This definition is concordant with that used by the HIRA in its COPD quality evaluation program. The criteria used were as follows: age ≥40 years; ICD-10 codes for COPD or emphysema (J43.0×-J44.x, except for J43.0 as primary or secondary [within fourth position' diagnosis]); and use of more than one COPD medication at least twice a year.
Definition of terms.
Frequent visitors were defined as those who visited a hospital outpatient clinic for follow-up of COPD three or more times per year regardless of the interval between visits and the site, and others were classified as infrequent visitors. The Charlson Comorbidity Index (CCI), which facilitates prediction of the prognosis and mortality, was calculated as previously described 14, 15 . Exacerbation of COPD requiring hospital admission was defined as an admission to a general ward, emergency room (ER), or intensive care unit (ICU) with a diagnosis of COPD as the principal or first additional diagnosis.
Statistical analysis.
The t-test and chi-square test were used to identify differences in continuous and categorical variables, respectively, between frequent and infrequent visitors. Univariable and multivariable logistic regression analyses were used to identify significant risk factors for exacerbation of COPD. A cumulative risk ratio graph was drawn using the Kaplan-Meier method. A Cox regression model was used to identify significant risk factors for exacerbation of COPD over time with adjustment for various factors. All statistical analyses were performed using SPSS for Windows (version 18.0; IBM Corp., Armonk, NY). A P-value <0.05 was considered statistically significant.
Results
Subject demographics. We classified the 159,025 patients with COPD registered in the HIRA as infrequent visitors (n = 41,542) or frequent visitors (n = 117,483). The frequent visitor group was significantly older and included more male patients. Frequent visitors were more likely than infrequent visitors to visit a primary care facility for follow-up. Frequent visitors had more comorbidity in the form of osteoporosis, depressive disorder, arthritis, diabetes mellitus, hypertension, and allergic rhinitis, whereas pneumothorax and congestive heart failure was more common in infrequent visitors. However, there was no significant between-group difference in the CCI value. The proportion of patients admitted with an exacerbation of COPD in the previous year was significantly higher in the frequent visitor group than in the infrequent visitor group (9.2% vs 7.2%, P < 0.001; Table 1 ). test performed, medications prescribed, and health care utilization. Radiographic and computed tomography examinations were performed less often in frequent visitors than in infrequent visitors. However, frequent visitors underwent pulmonary function tests more often than did infrequent visitors. All medications were prescribed more often for frequent visitors than for infrequent visitors The mean number of outpatient visits was significantly higher in the frequent visitor group than in the infrequent visitor group (6.81 ± 6.21 vs 1.74 ± 0.59, P < 0.001). The mean number of inpatient visits was significantly lower in the frequent visitor group than in the infrequent visitor group (0.20 ± 0.73 vs 0.43 ± 1.01, P < 0.001), as was the proportion of subjects ever admitted to a general ward (11.8% vs 23.8%, P < 0.001). The mean numbers of ER and ICU admissions were also significantly lower in the frequent visitor group than in the infrequent visitor group. Furthermore, the percentages of subjects ever admitted to an ER or ICU were significantly lower in the frequent visitor group than in the infrequent visitor group. (Table 2 ).
Significant risk factors for exacerbation of COPD requiring admission to a general ward. Older age, female sex, having medical aid insurance, attending a low-grade care facility, a high CCI, and admission with an exacerbation of COPD in the previous year were significant risk factors for an inpatient admission in the univariable and multivariable analyses. Frequent visiting was a protective factor in univariable analysis (odds ratio [OR] 0.428; 95% confidence interval [CI] 0.416-0.441; P < 0.001). After adjustment for the above-mentioned confounding factors, frequent visiting significantly reduced the likelihood of a COPD exacerbation requiring admission to a general ward (OR 0.294; 95% CI 0.284-0.304; P < 0.001, Table 3 ).
The Kaplan-Meier graph showed a significant difference in the risk of admission over time between the frequent visitor group and the infrequent visitor group (OR 0.464; 95% CI 0.453-0.477; P < 0.001; Fig. 1A ). Cox regression analysis showed a significant reduction in the risk of COPD exacerbation requiring admission to a general ward in the frequent visitor group after adjustment for the confounding factors (OR 0.387; 95% CI 0.377-0.397; P < 0.001, Table 4 ).
Significant risk factors for exacerbation of copD requiring admission to an emergency room. The risk factors for exacerbation of COPD requiring admission to an ER were similar to those for inpatient admission. Frequent visitors had a significantly lower ER admission rate in univariable analysis (OR 0.663; 95% CI 0.638-0-690; P < 0.001) and multivariable analysis (OR 0.515; 95% CI 0.493-0.538; P < 0.001; Table 3 ).
The Kaplan-Meier graph and Cox regression analysis identified frequent visiting as significantly protective against exacerbation of COPD requiring ER admission after adjustment for the above factors (OR 0.676; 95% CI 0.651-0.702; P < 0.001, Fig. 1B ) (OR 0.558; 95% CI 0.537-0.579; P < 0.001, Table 4 ).
Significant risk factors for exacerbation of COPD requiring admission to an ICU. The risk factors
for exacerbation of COPD requiring admission to an ICU were also similar to those for inpatient admission The ICU admission rate was significantly lower in the frequent visitor group in univariable analysis (OR 0.449; 95% CI 0.419-0.481; P < 0.001) and multivariable analysis (OR 0.370; 95% CI 0.343-0.398; P < 0.001, Table 3 ).
The Kaplan-Meier graph and Cox regression analysis showed that the risk of an ICU admission over time was significantly lower in the frequent visitor group than in the infrequent visitor group (OR 0.453; 95% CI 0.423-0.485; P < 0.001, Fig. 1C ) (OR 0.391; 95% CI 0.365-0.420; P < 0.001, Table 4 ).
Discussion
The results of this study show that frequent outpatient visits (three or more times per year) for management of COPD can reduce the risk of an exacerbation requiring admission by 45-60%. The rate of reduction in exacerbation of COPD achieved in the present study is much higher than that reportedly achieved by use of inhalers which is well-known important treatment modality in COPD (15-30%) 16, 17 . COPD is a chronic disease that requires patients to understand the nature of their condition, to cooperate with their doctors, and to manage their disease lifelong. Frequent outpatient visits offer the opportunity for patients to have their lung function and symptom control checked, to improve their skills in using inhalers, and to have their treatment adjusted to prevent acute exacerbation. This study confirmed that frequent visitors had more frequent pulmonary function tests and were prescribed COPD medications, mainly inhalers, more often compared with infrequent visitors. Frequent checks of disease status and early upstaging of COPD medication might have influenced the prognosis of the patients in our study. Frequent visits can also reflect good adherence to treatment. With these various effects, simply making frequent outpatient visits can greatly improve the prognosis of COPD.
However, frequent outpatient visits could mean not only "good adherence" but also "severe COPD". The severity of COPD is strongly associated with exacerbation during the previous year, symptom score, and airflow obstruction as confirmed by PFT 18, 19 . Due to the inevitable limitation of national big data, symptom score and the results of PFT could not be obtained. In this study, "admission with exacerbated COPD in the previous year" was an important factor for the prognosis of COPD. Therefore, we adjusted this parameter to reflect the severity www.nature.com/scientificreports www.nature.com/scientificreports/ of COPD. Although this substitution and adjustment is not perfect, the effectiveness of "frequent visit" can be approximated to the effectiveness of "good adherence" in multivariable analysis.
The type of hospital was one of the important factors in the exacerbation of COPD in this study. The proportion of general healthcare providers, specialists of internal medicine, and sub-specialists in pulmonology might vary according to the type of hospital. Therefore, the quality of care can vary according to the type of hospital. A recent study showed that the prescription rate of inhaled bronchodilator, which is a fundamental drug of choice for COPD, was 92.6% and 40.5% in tertiary hospitals and private clinics, respectively 20 . Therefore, we also adjusted this factor, 'type of hospital' , to reduce the confounding factor in Tables 3, 4 .
Until now, there have been no studies of the benefits of frequent outpatient visits in terms of the prognosis and how often patients should visit an outpatient clinic. The findings of a study by Bischoff et al. on routine monitoring of COPD in general practice were negative 21 . However, in that study, the frequency of monitoring was determined by general practitioners, and 20% of patients attended for routine monitoring only once a year 21 . Therefore, it is probable that this relatively low frequency of outpatient visits accounts for the negative results. Einarsdottir et al. showed that regular primary care visits can prevent hospitalization and mortality in patients with COPD 22 . However, they did not concentrate on the 'frequency' of clinical visits; instead, they focused on the effects of 'regularity' . Moreover, only older individuals (aged ≥ 65 years), who had a variety of chronic respiratory diseases including asthma, were enrolled in that study. In addition, we have previously reported on the benefits of frequent outpatient visits by patients with 'asthma' but not COPD 12 . Indeed, the significant contribution of frequent hospital visits to the prognosis of COPD has been demonstrated for the first time in the present study.
Uncontrolled symptoms and a history of exacerbation in the previous year can prompt patients to visit an outpatient clinic more frequently. In this study, most of the medications were more predominantly prescribed to the frequent visitors compared to infrequent visitors. It can mean that frequent visitors have severe symptoms or 'good adherence' . In addition, exacerbation of COPD in the previous year was also more prevalent in frequent visitors than in infrequent visitors (9.2% vs. 7.2%). We can assume that the frequent visitors represent a more severe status of COPD compared to infrequent visitors. Although frequent visitors have severe COPD, the exacerbation rate in frequent visitors was similar in the following year (11.8%) to that in the previous year (9.2%); however, infrequent visitors showed a marked increase in exacerbation rate in the following year (to 23.8% from 7.2%). www.nature.com/scientificreports www.nature.com/scientificreports/ Therefore, we can infer that infrequent visitors are at risk of exacerbation of COPD even if they have rarely experienced an exacerbation in the previous year.
Multiple comorbidities can also encourage patients to visit an outpatient clinic frequently. However, in this study, we found that the type of comorbidity tended to differ between the two study groups. Most comorbidities were more prevalent in frequent visitors than in infrequent visitors. However, congestive heart failure and pneumothorax was more prevalent in infrequent visitors than in frequent visitors. The CCI was slightly higher in infrequent visitors than in frequent visitors, but the difference was not statistically significant. Further studies concerning the relationship between comorbidity and hospital visits are needed.
We chose three visits as the cut-off number of outpatient clinic visits per year to classify subjects as frequent or infrequent visitors with following reasons. First, we considered that one or two outpatient visits per year would be too few, considering the negative results in a previous study 21 . Second, another study demonstrated that a cut-off value of three was significant in asthma, which is another representative chronic respiratory disease 12 . Last, in Korea, a COPD quality evaluation program was launched in 2014 to improve the quality of the management protocol implemented by all hospitals in Korea; and that includes frequent outpatient visits (three times or more per year) as an important parameter. We wanted to know whether this parameter is really needed.
The effect of frequent visits on the admission rate for exacerbation of COPD depended on the admission route. In frequent visitors, the rate of admission to a general ward or ICU decreased by 61% but by only 44% for . These factors can affect the likelihood of an ER admission because of their unexpected and sudden nature. An ER admission is usually determined by environmental factors rather than the degree of disease control. A previous study also showed that frequent visits reduced the risk of an ER admission to a similar extent 12 . We suggest that the positive effects of frequent visits on unexpected and sudden events are relatively weak and led to frequent ER admissions.
COPD is highly prevalent and a major cause of death worldwide 24 . However, only a small number (2-3%) of patients with COPD are diagnosed to have this condition by doctors in clinics in Korea 25 , as shown in world-wide 26 . COPD needs sustained follow-up, so primary care has a significant role in its management. This study showed that only 60-70% of patients with COPD visit for primary care, in contrast with patients with asthma, 82% of whom were reported to be reliant on primary care 22 . This suggests that patients with COPD in Korea are more likely to visit a hospital when COPD becomes troublesome. This finding further underscores the need to identify and manage patients with COPD more diligently.
In this study, frequent visitors occupied 73.9% of total COPD patients. We think this proportion will be larger than that observed in other countries. In Korea, medical cost is relatively low, then patients can easily visit hospital. Clinicians should carefully apply the results of this study in their countries, considering these unique characteristics of high prevalence of frequent visitors and the low medical cost in Korea.
The main strength of this study is that that we included almost all patients with COPD in Korea. Considering the prevalence rate (10-15%) and diagnosis rate (2-3%) along with the total population in Korea (50 million), the 159,025 subjects enrolled in this study might cover almost all patients with COPD in Korea 25 . However, the study also has several limitations. First, the operational definition of COPD used in this study might be different from the real-world definition of COPD assessed by pulmonary function tests. Second, the study was conducted in Korea, where relatively low hospital utilization costs may lead patients with COPD to visit hospital more readily and could affect the frequency of outpatient visits and admissions. Third, the cost-effectiveness should be studied. Fourth, other variables that could have effects on exacerbation of COPD including current smoking status 27 were not evaluated because the HIRA data includes only a limited number of variables. Finally, the management protocol including inhaler training, smoking cessation, and adherence varied according to the institutes.
conclusions
Frequent outpatient visits provide an opportunity for patients with COPD to undergo pulmonary function tests more often and to have their inhaler medication adjusted earlier than would be the case if they made infrequent outpatient visits. Frequent outpatient visits can reduce the risk of exacerbations requiring admission by 45-60%. We recommend that patients with COPD should visit at least three times per year to optimise their prognosis.
Data availability
The datasets generated during the current study are available from the corresponding author on reasonable request.
